Single crystals of Ca 7 H 12 Cl 2 and Ca 2 H 3 Br were obtained by reacting stoichiometric amounts of CaH 2 and CaX 2 (X = Cl, Br) at 1300 K in the presence of surplus Ca metal for 13 h in silicajacketed Nb ampoules. The crystal structures of the new compounds were determined by means of single-crystal X-ray diffraction. Ca 7 H 12 Cl 2 crystallizes isotypical to Ba 7 Cl 2 F 12 and Sr 7 H 12 Cl 2 in the hexagonal space group P6 (no. 174) with the lattice parameters a = 936.51(8), c = 368.65(2) pm, while Ca 2 H 3 Br crystallizes in a stuffed anti-CdI 2 structure isotypical to Ba 2 H 3 Cl and therefore adopts the space group P3m1 (no. 164) with the lattice parameters a = 391.37(6) and c = 697.04(13) pm. The structural results are corroborated by EUTAX calculations on the title compounds and the comparison of these results to those for CaH 2 , CaX 2 and CaHX (X = Cl, Br). Similar calculations on the hypothetical compound "Ca 7 H 12 Br 2 " give a possible explanation for the preferred formation of the compound Ca 2 H 3 Br.
Introduction
The compounds Sr 7 H 12 X 2 and Ba 2 H 3 X 3 (X = Cl, Br) found by us recently [1, 2] represent addenda to the ternary alkaline earth metal hydride halide [3 -6] systems which show similarities in stoichiometry and coordination to reported AE-X-F phases such as Ba 12 Cl 5 F 19 [7, 8] and Ba 7 Cl 2 F 12 [9, 10] (of which the latter compound was previously reported as Ba 2 ClF 3 [11, 12] ).
We report once more an addendum to alkaline earth metal hydride halide chemistry, viz. the synthesis and structural characterization of the new compounds Ca 7 H 12 Cl 2 and Ca 2 H 3 Br.
Experimental Section

Synthesis
All manipulations were carried out under a continuously purified and monitored argon atmosphere in glove boxes. The reactions took place in silica-jacketed, cleaned and arcwelded Nb ampoules. Crystals of the hydride chloride were prepared by reacting 250 mg (6 mmol) CaH 2 (Alfa, ≥ 98 %, single phase according to its X-ray powder diffractogram where all lines found could be indexed to a primitive orthorhombic unit cell with a = 595.8(3), b = 360.0(1) and c = 682.2(3) pm), 111 mg (1 mmol) CaCl 2 (Alfa Aesar, powder, 0932-0776 / 10 / 0400-0493 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ultra dry, 99.995 %) and 40 mg Ca (1 mmol, (99.995 %, dendritic, Strem). The hydride bromide was prepared in a similar fashion, but owing to the different stoichiometry 125 mg (3 mmol) CaH 2 , 200 mg (1 mmol) CaBr 2 (Alfa Aesar, powder, ultra dry, 99.995 %) and 40 mg Ca (1 mmol, 99.995 %, dendritic, Strem) were employed. The reaction containers were placed upright in a box furnace and heated over 13 h from r. t. to 1300 K. This temperature was held for 13 h, then the furnace was shut off and allowed to cool to r. t. The main products consisted of colorless transparent, needle-shaped crystals of Ca 7 H 12 Cl l2 and of red, transparent rectangular plates of Ca 2 H 3 Br, respectively.
Both compounds are air and moisture sensitive, and H 2 is evolved immediately if samples are brought in contact with moist air or water.
Crystallographic studies
Samples of the reaction mixtures were removed from the glove box in polybutene oil (Aldrich, M n ∼ 320, isobutylene > 90 %) for single-crystal selection. Suitable single crystals of Ca 7 H 12 Cl 2 and Ca 2 H 3 Br were selected under a polarization microscope, mounted in a drop of polybutene sustained in a plastic loop, and placed onto the goniometer. A cold stream of nitrogen (T = 173(2) K) froze the polybutene oil, thus keeping the crystal stationary and protected from oxygen and moisture. Preliminary examination and subsequent data collection were performed on a Bruker 
where n obs is the number of data and n param the number of refined parameters. 
The anisotropic displacement factor takes the form:
b U eq is defined as a third of the orthogonalized U ij tensor, U 23 = U 13 = 0; c as suggested in the SHELXL-97 manual [17] , the isotropic displacement factor of the hydrogen atoms were constrained to the equivalent displacement factor of Ca3 or Br, respectively, as the last atom not being constrained. X8 Apex II diffractometer equipped with a 4 K CCD detector and graphite-monochromatized MoK α radiation (λ = 71.073 pm). The orientation matrix and the respective lattice parameters were obtained by using APEX2 [13] . The program SAINT [14] was used to integrate the data. An empirical absorption correction was applied using SADABS [15] . The initial input files were prepared by XPREP [16] . The atomic positions known for Sr 7 H 12 Cl 2 [1] and Ba 2 H 3 Br [2] , respectively, were used as starting models. These positions were refined by full-matrix least-squares techniques with the use of SHELXL-97 [17] . The isotropic displacement factor of the hydride positions were constrained to the equivalent displacement parameter of Ca3 or Br, respectively, as the last atom not being constrained as suggested in the manual [17] . The Flack parameter [18] of Ca 7 H 12 Cl 2 was found to be 0.65 (7), and an inversion of the structure only resulted in the complementary number. The crystal structure was treated by applying a refinement as an inversion twin which resulted in improved R values and yielded a twin ratio of 0.64 : 0.36 nearly equalling the previously observed Flack parameter. The hydride positions were refined according to the respective starting model employed, but also were these very positions found as the areas of the highest electron density on the difference Fourier map when the 'heavy' atoms Ca and Cl or Ca and Br, respectively, were refined without including the hydrogen positions of the starting models. Additional crystallographic details are given in Table 1 . Atomic coordinates and anisotropic and equivalent isotropic displacement coefficients are shown in Table 2 , Table 3 
EUTAX calculations
With the help of the program EUTAX [19] the Madelung potentials, the bond valence sums and the lattice energy can be calculated. The program requires as input the space group, the lattice parameters and the atomic positions as well as the assignment of a formal charge to each atom (Table 3) . We used EUTAX calculations (Madelung potentials and bond valence sums, Table 3 ) to verify the validity of our structural results by comparing them to calculated results of CaH 2 , CaX 2 and CaHX (X = Cl, Br). We also did some calculations on the hypothetical compound "Ca 7 H 12 Br 2 ". The unit cell parameters for this compound were obtained by assuming that similar increases or decreases of the lattice parameters should occur if one com- [21] and isotypic to Ba 7 Cl 2 F 12 [9, 10] . In Ca 7 H 12 Cl 2 , each Cl atom is surrounded in a trigonal prismatic form by six Ca2 and Ca3. By sharing their trigonal faces, these prisms form columns shifted by 1/2 c with respect to each other (Fig. 1) . The Ca atoms are coordinated 9-fold in tricapped trigonal prisms of H and Cl, where Ca1 is the only calcium atom in Ca 7 H 12 Cl 2 which is exclusively surrounded by hydrides. The hydrogen atoms are surrounded by a distorted tetrahedron of four Ca atoms except for H4 which is penta-coordinated.
Ca 2 H 3 Br crystallizes in a stuffed anti-CdI 2 structure being anti-isotypic to Li 3 LaSb 2 [22] (Fig. 2) . The Ca atoms are arranged in an approximately hexagonal close-packing in which Br atoms occupy alternate layers of octahedral holes. The hydride H(1a) fills the remaining layer of octahedral holes, while H(2d) occupies all the tetrahedral voids between those same Ca layers. The bond lengths and coordination spheres as well as the Madelung potential and the bond valence sums (Table 3) [20] .
It is interesting to note though that the bond valence sum for halides in the AE 7 H 12 X 2 structures is quite high, within the range 1.209 -1.572, while the halides in the AE 2 H 3 X structures range between 1.067 and 1.371. In purely ionic compounds, the calculated bond valence sum of an atom is expected to equal its negative valency. Therefore, a monovalent anion would be expected to have a bond valence roughly around 1. The Br anions in the hypothetical "Ca 7 H 12 Br 2 " are calculated to have the bond valence sums of 1.525 and 1.706 which fits better into the range known for divalent anions. This unusual high bond valence sum might be the reason why Ca 2 H 3 Br is formed instead of the otherwise expected "Ca 7 H 12 Br 2 ".
Conclusion
The new ternary compounds Ca 7 H 12 Cl 2 and Ca 2 H 3 Br have been synthesized and characterized by single-crystal structure determination. The compounds are formed from stoichiometric amounts of CaH 2 and CaX 2 in the presence of an excess of Ca creating a reducing environment as well as a melt found to be favorable for the growth of single crystals. The transparency of the crystals indicates the ionicity of the compounds, and therefore it can be assumed that hydride anions in the respective structures equilibrate the charges. The crystals of Ca 7 H 12 Cl 2 were the first of the alkaline earth hydride halides found by us that are completely colorless, while crystals of Ca 2 H 3 Br show a red color. As mentioned before [1] , different container materials such as Nb, Ta or steel did not result in different colors of the crystals of Ca 2 H 3 Br. So it seems quite probable that the color is not due to impurities but that color centers such as an electron replacing an anion are responsible for the observed color. This has been found to be the case for halide compounds such as NaCl when exposed to Na vapors [23] .
The existence of these calcium hydride halides is surprising to us, since in contrast to the ternary Sr-H-X and Ba-H-X (X = Cl, Br) systems, no fluoride analogs have been reported so far except for compounds with the stoichiometry CaFX. A reevaluation of the ternary systems Ca-F-X (X = Cl, Br, I) and AE-H-I (AE = Ca, Sr, Ba) seems to be the next logical step.
